Campylobacteriosis is one of the most common bacterial enteritises in many industrialized countries, including the United States. The most common Campylobacter species implicated as causes of Campylobacter-induced enteritis are Campylobacter jejuni and Campylobacter coli; C. jejuni may account for as much as 95% of all Campylobacter isolates from diarrheal cases in the United States (11, 17) . The clinical spectrum of Campylobacter enteritis ranges from a watery, nonbloody, noninflammatory diarrhea to a severe inflammatory diarrhea with abdominal pain and fever (3, 13, 30) .
Several potential virulence determinants have been proposed for C. jejuni and C. coli, including motility, adherence, invasive capabilities, and toxin production (12, 30, 31) . The best characterized of the toxins attributed to Campylobacter spp. is cytolethal distending toxin (CDT), a toxic activity first shown by Johnson and Lior (10) to be produced by several Campylobacter spp. CDT causes progressive cellular distention and, ultimately, death in Chinese hamster ovary (CHO), Vero, HEp-2, and HeLa cells (10) . The C. jejuni cdt genes have been cloned and sequenced (24) , and Whitehouse et al. (32) have recently shown that C. jejuni CDT causes sensitive cells to become blocked in the G 2 phase of their cell cycle, indicating that CDT has a novel mechanism of action for a bacterial toxin. While the role of CDT in disease has not been defined, Okuda et al. (19) have shown that a CDT produced by Shigella dysenteriae is capable of causing diarrhea in a suckling mouse model.
Cdt genes have also been found in some Escherichia coli isolates (4, 7, 9, 20, 23, 25) , in some Shigella sp. isolates (8, 18, 19) , in Haemophilus ducreyi (5) , and in Actinobacillus actinomycetemcomitans (29) . In all cases there are three adjacent or slightly overlapping genes, cdtA, cdtB, and cdtC, all of whose expression is apparently required for activity (19, 23, 24) . The predicted amino acid sequences for the three Cdt proteins indicate that considerable amino acid sequence divergence has occurred, particularly within the CdtA and CdtC sequences. For example, the predicted amino acid sequences of the CdtA proteins from E. coli 9142-88 and C. jejuni 81-176 are only 34% similar (21% identical and 13% conserved amino acids [23] ).
In addition, Cdt proteins from isolates from the same species can be substantially divergent, since the predicted amino acid sequences of the CdtA proteins from E. coli 9142-88 and E6468/62 are only 53% similar (37% identical and 17% conserved amino acids [23, 25] ). Given this sequence divergence that is seen both within the same species and among different species, it seemed likely that the best methods for screening for cdt genes in many Campylobacter isolates would be a PCR method that would not depend on extensive regions of DNA homology. Consequently, we decided to design and test PCR primers for use in the detection of cdt genes in C. jejuni and C. coli strains. The development of useful cdt gene PCR primers will allow investigators to quickly evaluate whether Campylobacter sp. isolates contain cdt genes, thereby furthering our knowledge about the prevalence of these genes in isolates from a variety of sources.
Bacterial strains and media. C. jejuni 81-176 has been described previously (1, 14) . C. jejuni 84-142, 85-452, 79-193, 85-360, G13, 84-19, and D133 and C. coli 43473, D730, D2593, 78-64, D2594, D115, and D126 and their relevant CDT characteristics were described by Pickett et al. (24) . C. jejuni 79-101 was isolated from a human stool (2), and C. jejuni Lior 19 was isolated from a chicken (16) . C. jejuni AED973, AED974, and AEB9710 and C. coli AEB971, AEB979, AEB9713b, and AED9715 were isolated during this work from chicken carcasses by the method described by Hunt and Abeyta (6) . Species identification of the chicken isolates and the low-CDTproducing C. jejuni strains was performed by using both APICampy (Bio-Merieux, Marcy l'Etoile, France) and a speciesspecific PCR method which uses two sets of primers that amplify unique regions of either the C. jejuni or C. coli genome (27, 28) . In addition, a PCR method for detection of the C. jejuni hippuricase gene was used as an additional speciation method for strain AED974 (15) , since this strain produced an atypical API-Campy result. A 735-bp product was amplified from strain AED974 by using the hippuricase primers, indicating that AED974 is a C. jejuni strain. Campylobacter species were grown on brucella agar as previously described (22) . When necessary, selective antibiotics for Campylobacter were added to the following final concentrations: for cephalothin, 15 g/ml; for vancomycin, 10 g/ml; and for trimethoprim, 5 g/ml.
PCR. Total bacterial cell DNA was isolated from Campylobacter strains either by the method described by Silhavy et al. Toxin assay. The HeLa cell assays for detection of CDT activity and determination of CDT titers were performed as described by Pickett et al. (23, 24) . Each strain was assayed in at least three independent assays. Titers are expressed as the geometric means Ϯ the standard deviations of the means.
Production of CDT. The C. jejuni and C. coli strains used in this study were deliberately selected, because they were isolated in diverse geographical locations from both humans and animal species and because they had a variety of CDT titers in the HeLa assay. Twelve of the thirteen C. jejuni isolates produced active CDT, and 10 of these produced CDT titers greater than 100. The exceptions were strains D133, 84-19, and AED974, which had mean CDT titers of 11 Ϯ 19, 22 Ϯ 16, and 0, respectively. All of the C. coli isolates examined had CDT titers lower than 5, except 78-64 which had a titer of 18 Ϯ 19. C. coli lysates do not appear to contain much CDT activity when assayed on HeLa cells (24) . It is not clear if this low activity results from poor expression of the C. coli cdt genes, if the C. coli CDT has poor specific activity, or if this CDT is simply not very active on HeLa cells.
Detection and characterization of cdt genes. The degenerative primers VAT2 and WMI1 (Fig. 1) were tested for their ability to amplify a portion of the cdtB gene in 13 C. jejuni and 11 C. coli isolates. A single product of the expected size (approximately 0.5 kb) was observed for 11 of the 13 C. jejuni strains and for all 11 of the C. coli strains (Table 1 ; Fig. 2A and B, lane 2). The restriction endonuclease (RE) fragment patterns produced by EcoRI digestion of these 0.5-kb PCR products were examined. Sequence data from C. jejuni 81-176 and C. coli D730 indicated that this enzyme would cut the amplified portion of at least some C. jejuni strains' cdtB genes but perhaps not the C. coli cdtB gene (21, 24) . The 0.5-kb PCR products of all 11 C. jejuni strains were cut once with EcoRI, yielding fragments with approximate sizes of 0.37 and 0.15 kb (Table 1 ; Fig. 2A, lane 3) , which were close to the expected sizes of 0.36 and 0.14 kb. None of the C. coli VAT2-WMI1 PCR products were cut with EcoRI (Table 1 ; Fig. 2B, lane 3) . Restriction patterns of the VAT2-WMI1 PCR products of the 11 C. jejuni strains were also digested with two additional endonucleases, StuI and AluI (Table 1) . StuI cut all of the C. jejuni strains' VAT2-WMI1 products once, resulting in fragments with apparent sizes of 0.3 and 0.22 kb (Fig. 2A, lane 4) . None of the C. coli strains' PCR products were cut with StuI (Fig. 2B, lane 4) . Nucleotide sequence data predicted that AluI would cut C. jejuni VAT2-WMI1 products to yield a fragment of 0.28 kb and five smaller fragments. We saw the larger fragment in AluI cuts of the 11 C. jejuni strains tested, but the smaller fragments were not resolved on our agarose gels (data not shown). Sequence data from C. coli strain D730 (21) indicated that AluI would cut this PCR product four times to produce fragments of approximately 0.21, 0.11, 0.10, 0.05, and 0.01 kb. We were able to consistently see the 0.21-kb fragment in AluI cuts of the VAT2-WMI1 product from the four C. coli strains tested, as well as a fragment, likely a doublet, at about 0.11 kb, but the other bands were not resolved on our gels (data not shown).
We next used the cdtA-based degenerative primers GNW and IVH paired with the downstream cdtB primer WMI1 (Fig.  1 ) in order to see how these primers compared with VAT2-WMI1 in their ability to amplify cdt genes from these C. jejuni and C. coli isolates. The predicted PCR product sizes for the GNW-WMI1 and IVH-WMI1 primer pairs are 0.96 and 0.82 kb, respectively. Appropriately sized PCR products for both GNW-WMI1 and IVH-WMI1 primer pairs were amplified from 11 of 13 C. jejuni strains (Table 1 ; Fig. 2A, lanes 7 and 9) . These two primer pairs failed to amplify a product from the same C. jejuni strains, 84-19 and AED974, for which no product was obtained with VAT2-WMI1 (Table 1) . It should be noted that these are two of the three C. jejuni strains that produced little or no detectable CDT. Both of these primer pairs amplified cdt sequences from all 11 C. coli strains tested (Table 1 ; Fig. 2B, lanes 7 and 9) . The 0.96-kb GNW-WMI1 PCR product from the C. jejuni strains was cut once with EcoRI, yielding 0.85-and 0.15-kb fragments; predicted sizes were 0.82 and 0.14 kb (Fig. 2A, lanes 8) . Similarly, the 0.82-kb IVH-WMI1 PCR product from the C. jejuni strains was cut once with EcoRI, producing 0.7-and 0.15-kb fragments, close to the expected 0.68-and 0.14-kb fragments (Fig. 2A, lane 10) . As expected, neither the GNW-WMI1 nor the IVH-WMI1 PCR products from any C. coli strain were cut with EcoRI (Table 1 ; Fig. 2B, lanes 8 and 10, respectively) .
None of the three primer pairs already discussed, all of which use WMI1 as the downstream primer, successfully amplified cdt genes from two C. jejuni strains. We therefore decided to test a fourth PCR primer pair which did not include the WMI1 primer. The degenerative primer, LPF-D, which is based on a conserved region of the cdtC genes of C. jejuni 81-176 and C. coli D730, was paired with VAT2 ( Fig. 1) . These primers successfully produced a PCR product of approximately 1.05 kb from all 13 C. jejuni strains (Table 1 ; Fig. 2A, lane 5) . Nucleotide sequence data from C. jejuni 81-176 suggested that the C. jejuni VAT2-LPF-D products would likely be cut once by BglII and SspI to produce fragments of approximately 0.7 and 0.3 kb and 0.9 and 0.1 kb, respectively. Ten of the thirteen C. jejuni VAT2-LPF-D PCR products were cut once with BglII, producing 0.75-and 0.33-kb fragments (Fig. 2A, lane 6) . The remaining three C. jejuni strains' (D133, AED974, and 84-19) PCR products were not cut with BglII. However, all 13 C. jejuni products were cut with SspI, yielding fragments with apparent sizes of 0.95 and 0.12 kb, with the exception of strain 84-19, for which the fragments were 0.65 and 0.42 kb (data not shown). Since strains AED974 and 84-19 had not produced PCR products from the other primer pairs, we tested the ability of the VAT2-LPF-D products from these strains to hybridize to the VAT2-WMI1 PCR product amplified from C. jejuni 81-176 (24) . The results confirmed that the VAT2-LPF-D PCR products from these two strains were indeed amplified regions of their cdt genes (data not shown). The VAT2-LPF-D primer pair also successfully amplified sequences from all of the test C. coli strains (Table 1 ; Fig. 2B, lane 5) . The C. coli VAT2-LPF-D products were cut once by BglII, generating products of approximately 0.9 and 0.2 kb (Table 1 ; Fig. 2B,  lane 6 ). The C. coli products were not tested for SspI digestion, since nucleotide sequence data suggested that no SspI site would be present.
In summary, we tested several different PCR primer pairs for their ability to amplify cdt genes from a variety of C. jejuni and C. coli isolates. The four primer pairs described here all appear to be useful for detection of cdt sequences in isolates from these Campylobacter species. The ability of these primers to amplify cdt sequences from both C. jejuni and C. coli should be useful, since DNA-DNA hybridization between the cdt genes of these species is poor (21, 24) .
Overall, our results suggest that the cdt gene sequences are relatively conserved within species boundaries. Our restriction analysis of the cdt genes' PCR products amplified from differ- 
a Symbols: ϩ, PCR product was cut by the indicated restriction endonuclease; Ϫ, PCR product was not cut by the indicated restriction endonuclease. NP, no product produced; ND, not determined. ent strains of the same species revealed only occasional differences (Table 1) . Supporting this conclusion is work done in our laboratory to sequence the cdt genes from an additional C. jejuni strain and from two C. coli strains (21) . The sequence of the cdt genes from the second C. jejuni strain differs from the sequence of those from 81-176 at only a few positions. The cdt sequences from the two C. coli strains are nearly identical, in contrast to what has been found for isolates of E. coli, in which the cdt genes from three different strains exhibit numerous dissimilarities (20, 23, 25) . Thus, while it is clear that sequence variation can be tolerated within cdt genes, and that the encoded variant Cdt proteins can still be functional, the cdt sequences of C. jejuni or C. coli isolates may be more conserved.
The only two C. jejuni strains for which all of these primers did not amplify cdt sequences are the two low-or non-CDTproducing strains, 84-19 and AED974. The lack of success with the WMI1-containing primer pairs suggests that at least a portion of the cdtB gene in these two strains is changed in one or more critical ways. Our previous hybridization results (24) indicate that the cdt genes from strain 84-19 may differ from the cdt genes of strain 81-176 at many positions, since both the size of the ClaI fragment from strain 84-19 to which a 81-176 cdtB probe hybridized and the strength of the hybridization were atypical. In any case, these two strains are clearly unusual C. jejuni strains; the typical C. jejuni strain appears to have cdt sequences that are readily amplified by any of the primers described here.
Hybridization studies by Pickett et al. (24) suggested that the cdtB genes of C. jejuni and C. coli had diverged. We expected, therefore, to find differences between the cdt genes of C. jejuni and C. coli. Analysis of the restriction profiles of various cdt PCR products verified at least some sequence divergence between the cdt sequences of these two closely related species. Our results also indicate that C. jejuni and C. coli cdt genes can be distinguished simply by EcoRI digestion of any of the PCR products analyzed in this work, since the EcoRI site present in the C. jejuni cdtB gene is not present in the C. coli cdtB gene. In addition, StuI appears to be an alternative restriction enzyme for easy differentiation of C. jejuni and C. coli cdt gene sequences.
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